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OBJECTIVES 

The  principal  long  term  objective  of  the  research  is  to  understand  fundamental 
processes  associated  with  egg  development  in  insects  that  damage  stored 
products.  Of  special  interest  are  the  hormonal  mechanisms  associated  with 
proteins  vital  to  the  development  of  oocytes.  An  understanding  of  the 
mechanisms  of  hormonal  action  may  lead  to  the  development  of  hormone-based 
insecticides,  and  their  use  in  pest  management  strategies. 

Several  species  of  the  lepidopterous  family,  Pyralidae,  are  serious  pests  of 
stored  products.  Of  these  we  selected  the  Indian  meal  moth,  Plodia 
interpunctella  ,to  work  on.  The  larvae  feed  on  a  large  variety  of  stored 
products,  and  Plodia  may  be  the  most  serious  pest  of  this  group  of  isects. 

The  immediate  objectives  of  the  research  conducted  over  the  past  three  years  was 
to  identify  and  isolate  proteins  associated  with  oocyte  development  and  to 
establish  culture  conditions  for  tissues  or  organs  synthesizing  these  proteins. 
Among  insects  in  general,  vitellogenin  (Vg)  is  the  principal  protein  synthesized 
during  oocyte  development.  It  is  synthesized  in  the  fat  body  and  incorporated 
into  the  oocyte  as  yolk.  Both  juvenile  hormone  and  ecdysone  are  implicated  in 
devlopment  and  among  lepidopterous  insects  such  as  those  infesting  stored 
products,  ecdysone  is  believed  to  be  the  hormone  involved  in  vitellogenin 
synthesis.  In  the  course  of  our  work  we  discovered  several  other  proteins  that 
formed  a  major  part  of  the  yolk,  but  are  synthesized  in  the  oocyte  or  in  the 
follicle  cells.  We  also  discovered  that  although  ecdysone  is  important  in 
initiating  development  of  the  oocytes  the  normal  development  depends  upon  a 
declining  titre  of  the  hormone,  and  if  titres  are  maintained  above  a  certain 
level,  the  development  is  retarded.  Because  both  of  these  findings  were 
relevant  to  our  long  term  objectives  we  devoted  a  substantial  amount  of  time  to 
them. 

RESULTS 

I.  Development 

Larvae  .  Larvae  hatch  from  the  egg  four  days  after  the  egg  is  laid.  Larval 
development  proceeds  through  5  instars  and  takes  about  14  days  under  the 
conditions  we  impose.  The  completion  of  larval  development  is  signalled  by  the 
beginning  of  the  'wandering'  stage  at  which  time  the  larvae  cease  feeding  and 
leave  the  culture  medium.  If  a  pupation  site  is  provided  (we  use  corrugated 
cardboard),  the  wandering  period  is  brief,  a  few  hours,  but  in  the  absence  of  a 
site  the  larvae  may  wander  for  several  days  before  becoming  immobile.  The 
larvae  pupate  48  hours  after  entering  the  pupation  site.  About  74  hours  after 
pupation,  adult  development  begins  (pharate  adult  stage) 

Pharate  adult  .  Adult  development  takes  about  8  days  and  can  be  divided  into  8 
or  more  clearly  recognized  stages  based  on  morphological  changes  that  occur. 
Vitellogenin  appears  in  the  hemolymph  about  24  hours  after  the  beginning  of 
adult  development  and  indicates  the  initiation  of  the  developmen  of  the  oocytes. 
Eclosion  follows  a  circadian  pattern  begining  on  noon  of  the  8th  day  and  with 
females  emerging  about  24  hours  ahead  of  the  males.  Egg  laying  begins  24  to  48 
hours  after  emergence  and  continues  for  about  12  days. 


II 


Yolk  polypeptides 


We  have  isolated  from  freshly  laid  eggs  several  proteins  that  are  directly 
associated  with  oocyte  development.  One  of  these  is  vitellin  (Vt, 
M  =462,000),  which  is  produced  by  the  fat  body  as  vitellogenin,  and  made  up 
or  multiples  of  two  polypeptides,  YP1  and  YP3,  (Mr*153,000  and  43,000).  We 
have  found  no  difference  between  Vg  and  Vt,  and  assume  that  Vg  from  the  fat  body 
is  deposited  in  the  oocyte  as  Vt  without  changes  that  occur  in  some  other 
insects.  Another  protein  is  one  synthesized  in  the  oocyte  or  in  the  surrounding 
follicle  cells, (M^*  264,000)  which  consists  of  two  polypeptides,  YP2  and 

YP4,  (M  *69,000  and  33,000).  The  characterization  of  these  proteins  is 
described  in  the  reprint  which  has  been  submitted. 

Although  YP2  and  Y?4  purify  as  a  single  protein  we  have  been  able  to  show  that 
they  originate  from  two  separate  mRNAs  indicating  the  existence  of  two  genes. 
We  also  have  evidence  that  YP1  and  YP3  are  also  discrete  proteins. 

During  embryogenesis  the  oocyte  protein  disappears  more  rapidly  than  vitellin, 

and  is  completely  gone  when  the  larva  emerges  from  the  egg.  Substantial  amounts 
of  vitellin  are  still  present  at  this  time. 

III.  Storage  proteins 

Patterns  of  proteins  described  by  electrophoresis  on  polyacrylamide  gels  show 
that  larval  fat  body  contains  substantial  amounts  of  one  or  several  proteins 
(Mr=80,000)  just  before  metamorphosis.  This  protein(s)  carries  over  to  the 
pupal  stage  and  slowly  disappears  during  adult  development.  The  amount, 
molecular  weight,  and  other  characteristics  suggest  that  this  is  storage 
protein.  Such  protein  has  been  identified  in  a  number  of  insects,  and  is 
synthesized  by  the  fat  body  early  in  the  last  instar,  secreted  into  the 
hemolymph,  and  then  recovered  just  before  the  beginning  of  metamorphosis. 

IV.  Gcdysteroids 
A.  Titre 

The  titre  of  ecdysteroids  was  measured  by  radioimmune  assay  (RIA, )  and  by  high 
pressure  liquid  chromatography  (HPLC).  Measurements  were  made  at  about  12  hour 
intervals  from  the  end  of  the  wandering  stage,  at  which  time  the  hormone  is 

barely  detectable,  until  the  emergence  of  the  adult.  The  titre  begins  to  rise 

shortly  after  the  larvae  enter  the  pupation  site,  and  reaches  a  peak  in  24  hours 
or  about  24  hours  before  pupation.  The  titre  then  declines  to  about  one  half 
the  peak  value  and  remains  at  this  level  until  24  hours  after  pupation.  A 
second,  much  higher  peak  is  reached  48  hours  after  pupation.  The  titre  declines 
slowly  during  adult  development.  At  the  first  peak  the  tire  is  about  15  ng 
20-OH  ecdysone  equivalents /individual  and  about  250  ng/individual  at  the  second 
peak.  During  the  first  peak  the  principal  component  is  20-OH  ecdysone  but  the 
second  peak  is  a  mixture  of  ecdysone,  20-OH  ecdysone,  and  other  components. 
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B.  20-OH  ecdysone  and  adulC  development 

In  an  early  series  of  experiments  we  tried  to  determine  the  critical  period  for 
the  release  of  brain  hormone  and  of  20-OH  ecdysone.  This  was  done  by  ligation 
to  isolate  the  abdomen  from  the  endocrine  centers  and  injecting  hormone  into  the 
abdomen.  In  these  experiments  we  discovered  that  20-OH  ecdysone  could  delay 
development  if  presented  after  the  critical  period  for  the  release  of  the  second 
hormone  peak.  In  another  series  of  experiments  we  tried  to  clarify  this 
observation.  Pupae  were  injected  at  the  beginning  of  adult  development  with  one 
of  three  amounts  of  20-OH  ecdysone,  10,  50,  or  250  ng,  with  saline,  or  were  not 
treated.  The  experiments  were  terminated  when  the  first  adults  appeared  in 
untreated  controls.  The  remaining  experimental  pupae  were  scored  on  the  basis 
of  extent  of  development  of  several  structures,  but  most  importantly,  of  the 
oocytes.  In  some  experiments  labeled  methionine  was  injected  three  hours  before 
termination  and  the  extent  of  incorporation  into  proteins  of  the  hemolymph,  fat 
body,  and  oocytes  was  measured.  Qualitative  differences  among  labeled  proteins 
were  analyzed  by  SDS-PAGE. 

The  most  obvious  effect  of  injection  of  hormone  was  the  delay  in  development 
which  could  be  scored  on  the  basis  of  time  to  eclosion.  Even  small  amounts 
delayed  eclosion  for  several  days,  and  with  large  amounts  delays  were  prolonged. 
The  effects  on  the  oocytes  were  measured  in  terms  of  number  of  mature  oocytes 
per  ovariole,  and  the  number  of  vitellogenic  oocytes  per  ovariole.  Even  at  the 
lowest  dose  the  number  of  maturing  and  matured  oocytes  was  reduced  compared  to 
controls  but  at  the  highest  dose  no  more  than  5  vitellogenic  oocytes  were  found 
in  ovarioles  compared  with  a  range  of  16  to  40  in  the  controls. 

The  effects  of  elevated  hormone  on  protein  synthesis,  measured  as  the 
incorporation  of  labeled  methionine  was  complex.  In  ovaries,  protein  synthesis 
in  treated  insects  was  only  20-30Z  of  controls  with  all  levels  of  hormone.  The 
pattern  of  labeled  proteins  as  displayed  by  SDS-PAGE  was  similar  in  ovaries  from 
treated  insects  as  well  as  from  controls  except  that  vitellin  (YP1  &  3)  was  not 
present.  Hemolymph  from  treated  insects  contained  less  labeled  protein  than 
controls  although  the  amount  of  protein  was  not  significantly  different.  The 
pattern  of  proteins  was  the  same  and  both  YP1  and  YP3  were  present.  The  amount 
of  protein  was  much  higher  in  treated  insects  even  though  the  rate  of  synthesis 
of  protein  was  the  same  as  controls. 

Our  interpretation  of  these  results  is  that  an  elevated  titre  of  hormone  retards 
development  of  the  oocytes,  possibly  by  a  general  inhibition  of  protein 
synthesis,  which  also  prevents  recovery  of  proteins  from  the  hemolymph.  The 
accumulation  of  protein  in  the  fat  body  suggests  that  storage  protein  is  not 
being  utilized  in  treated  insects. 

V.  Tissue  Culture 

We  have  been  able  to  maintain  fat  body  in  culture  media  for  five  days.  Longer 
periods  may  also  be  possible  but  this  was  not  tried.  We  used  Grace's  insect 
tissue  culture  medium  (without  hormones)  and  incubated  in  an  atmosphere  of  pure 
oxygen.  We  have  cultured  fat  body  from  wandering  stage  larvae  and  from  7  stages 
between  pupation  and  adult  emergence  and  measured  the  incorporation  of  labeled 
methionine  into  protein  secreted  into  the  medium  at  the  beginning  of  culture  and 
5  days  later.  After  5  days,  tissue  proteins  were  also  measured.  The  patterns  of 
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polypeptides  synthesized  were  analyzed  by  SDS-PAGE.  Many  polypeptides  were 
synthesized  but  we  could  identify  YP1  and  YP3,  and  what  we  believe  to  be  the 
polypeptides  of  storage  protein  and  a  lipid  carrying  protein  called  lipophorin. 
In  general,  the  rate  of  incorporation  diminishes  somewhat  during  the  5  day 
incubation  period,  but  there  were  no  obvious  changes  in  the  pattern  of 
polypeptides  synthesized  by  fat  body  of  all  stages  except  larvae.  During  the  5 
day  incubation  of  larval  fat  body  the  rate  of  synthesis  of  some  polypeptides 
increased  while  others  diminished. 
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